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1. Introduction
The aim of this study is to forecast the structure of employment by industries of the 
Hungarian economy in long term (10 years).1 The need for such analysis is self-evident 
as the proportion of employed persons in an economy is an important indicator of 
its effi  ciency: if only few people work, human resources will get lost for the country. 
In addition, many economic and social policies are strongly aff ected by the number of 
employed as a large part of taxes – both originating from labor activity and consumption 
– are contingent upon the labor market activity of the population. The state budget is also 
more easily in equilibrium if fewer subsidies are spent on unemployment beneﬁ ts and 
support for the inactive. The government’s stated goal is also to enlarge the traditionally 
low employment rate of Hungary and showing how employment will evolve can be useful 
information for such attempts. 
Knowledge about the structure of employment across economic branches is useful 
for showing which industries are likely to grow their employment needs and which 
will shrink if the current conditions are maintained in the economy. Therefore, such 
analysis can provide a baseline for policy makers by giving them the knowledge of which 
industries should be induced to grow and which are likely to shrink anyway; diverting 
funds for their subsidies and organizational eff orts to sustain them are probably not the 
best way of spending scarce public resources.
Given the time span of the forecast (10 years) we rely on a macroeconomic model 
developed in Vincze (2011) in Subproject No. 1 of this TÁMOP project. The macro model 
provides the total employment in the future and the output realizations as well. To be 
consistent with these results, we do not forecast directly the levels of sectoral employment. 
Instead, we estimate and predict how the industrial structure of employment, measured 
by employment shares, will evolve in time. Having estimated the structure of employment 
across economic activities, we transform them into numbers of workers with the help of 
the predictions of the total employment.
The industry-level data used in the forecasting start in 1992, right after the fall of the 
socialist system and end in 2010, when the world economy had already been in crisis for 
two years. In our baseline analysis we study the dependence of the industrial distribution 
of employment on the share of industrial production in total output and a time trend. 
Later we also add total employment and total output to the explanatory variables to take 
into account possible business cycle eff ects and also add industrial average wages to 
control for employment costs. We consider these estimations – especially those which
1  The 10 aggregated industries for which the structure of employment is forecasted are listed at the beginning of Section 2 
below.
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8include wages – as less accurate as wages are clearly simultaneously determined with 
employment at the industry level.2
Our forecasting strategy is the following. First we estimate a wide variety of 
speciﬁ cations with the data truncated in 2003. With the help of the estimated coeffi  cients 
and the realized output in the economy we ﬁ t curves and “forecast” the 2008 distribution 
of employment across the 10 industrial sectors of the economy. We chose 2008 rather 
than the last year available as this is the last year of the time series which is not aff ected 
(or is aff ected only to a small extent) by the global economic crisis. Then we run a formal 
test to check which estimation provide the most accurate forecasts and we use the chosen 
speciﬁ cation to perform the forecast. This methodology therefore assumes that the basic 
relation between output and employment at the industrial level changes only according 
to the time trend (or in a quadratic way in some equations).3
One major complication of the forecast is the decision how to treat the three industries 
which are predominantly composed of public sector workers (public administration, 
education and health). As the employment of these industries is aff ected not by market 
forces but by the policy decisions of the government, we do not treat them together with 
the other economic sectors. Instead, we discuss the diffi  culties of measuring output in the 
public sector dominated industries and show that the relation between labor and output 
in these sectors is rather weak. In the forecasting we use the employment predictions 
originating from the macro model.
The structure of the paper is as follows. In the next section we describe the data 
and provide basic descriptive statistics of the Hungarian economy at the level of the 10 
industries we are going to forecast employment for. Then we describe the estimation 
methodology for corporate employment and provide the results, followed by the pseudo 
forecasts of the 2008 employment shares. Having chosen the empirical model that 
ﬁ ts best our data, we perform the forecasts under alternative assumptions about the 
future output demand for the industries. In section 5 we add business cycle eff ects and 
wages to the estimation equations. This is followed by a discussion of how public sector 
employment in education and health care depends on the output of these sectors. In the 
next section we provided the employment shares for the corporate and public sectors 
together and transfer them into quantities. The last section concludes.
2   As we show int the results section, the results are robust to the introduction of new variables. 
3  We do not run vector autoregressive type models for two reasons. First, the time series are rather short which make such 
empirical models very sensitive and second, the time span of the forecast – 5 years – is too long to perform the forecast with-
out putting any outside structure on the data (which we do as the industrial output and aggregate employment forecasts 
originate from a formal macroeconomic model).
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2. Data construction and descriptive statistics
The industrial disaggregation for which the forecasts are made is the following (the NACE 
1.1 categories are in parenthesis and we underline the industry name which is used in the 
text below for simplicity):
Agriculture, horticulture, ﬁ shery (A, B)• 
Mining, manufacturing, and energy (C, D, E)• 
Construction (F)• 
Trade, repair, accommodation, catering (G, H)• 
Transportation, storage, post and telecom (I)• 
Financial intermediation, real estate and other business services (J, K)• 
Public administration, defense, compulsory social security (L)• 
Education (M)• 
Health•  services (N)
Community, social, personal services, activities of households, extra territorial • 
organizations (O, P, Q)
Aggregate employment, output and average wages were drawn from diff erent yearbooks 
of the Hungarian Statistical Agency (HSA, 1992-2010).4 The employment ﬁ gures given in 
the Yearbooks are based on various waves of the Hungarian Labor Force Survey (LFS). 
According to the employment deﬁ nition of the International Labour Organization (ILO) 
used in these surveys, everybody is considered employed who worked at least one hour 
for pay or in kind beneﬁ t at the reference week. Part-time workers therefore are treated 
equally with full time workers. Another aspect of the LFS-types survey data is that they are 
done through personal interviews and everybody who reports to have been worked in the 
reference week is counted as employed, even if the employment relationship is unoffi  cial. 
Therefore, workers without offi  cial employment contracts are counted as employed as 
long as they report so and thus the variation of the grey economy across sectors industry 
does not bias the statistics, or it biases to a lower extent than information gathered from 
tax authorities or the ﬁ rms, where workers without contracts are not included.
After the introduction of the new industrial classiﬁ cation in 2008, transports gained 
about 60 thousand employees, ﬁ nancial intermediation lost about 35 thousand and 
community services lost 24 thousand (in the case of the other sectors the diff erences 
are negligible). The HSA reported employment according to both the old and new 
classiﬁ cation in 2008, so we solved this problem by rescaling the employment ﬁ gures 
4  We made huge eff orts to obtain industry level data for earlier years in order to increase the length of the time series, but 
such data are not available because the deﬁ nitions of sectors are not consistent before and after 1992. 
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for 2009 and 2010 with the proportional diff erence between the two ﬁ gures reported for 
2008. Output ﬁ gures are reported according to the old classiﬁ cation throughout the time 
series so there is no need for rescaling. In order to reﬂ ect producer price changes and 
diff erences in price changes across industries, output was deﬂ ated with industry-level 
implicit price deﬂ ators to its levels of 2009, the last year with information available.
Wages in the HSA yearbooks are drawn from a ﬁ rm survey which includes ﬁ rms with 
at least 5 employees, and are computed only for those workers who work full time. Thus, 
the wage ﬁ gures used in the analysis do not reﬂ ect the wages of workers in small ﬁ rms, 
part-time employees and self-employed, nor the unoffi  cial earnings of workers without 
a labor contract. The level of aggregation is the letter-level of the NACE classiﬁ cation.
We constructed the wages for the 10 sectors by computing the average across the letter-
level sectors, weighted by the number of workers in each sector, and deﬂ ated them with 
the consumer price index taking as the base year 2010. 
The evolution of aggregate employment, output and wages as well as average labor 
productivity (deﬁ ned as the ratio between output and employment) are shown in Figure 1
for the period of 1992 to 2010 and it is normalized to the values in 1992, the ﬁ rst year we 
use in the analysis (the corresponding numbers are provided in Table A1 in the Appendix). 
Employment decline continuously in the ﬁ rst 4 years of the analysis and started to 
recover only in 1998.5 After this year is slowly recovered by about 7 percentage points and 
remained on that level until the global economic crisis unfolded. As a consequence of the 
crisis, employment fell by three percentage points in 2009 and remained at this level the 
following year as well.
Aggregate output had a very diff erent pattern during the same period. After a fall 
starting in 1989 (not shown on the graph) it started to recover already in 1993 and it did 
not stop growing until 2008 – this year it was twice as high in real terms than in 1992. The 
crisis put an end to output growth. Output fell in 2009 by more than 10 percent in a single 
year but it already started to recover in 2010, the last year of the time series.
These numbers suggest that aggregate labor productivity (deﬁ ned as the ratio 
between real output and employment) increased during the period studied. Indeed, the 
ﬁ gure shows labor productivity steadily increased after 1992, its level being more than 
two times higher in 2008. The crisis, however, dropped output faster than employment 
which resulted in an almost 10 percent drop in productivity but also a partial recovery 
the following year.
Average wages stagnated for a long time and started to grow only after 1996. Although 
the time path varied, their growth was stopped only in the crisis, when they were already 50 
percent higher than in 1992. In the ﬁ rst year of the crisis wages fell by about 5 percentage 
points and in the second year they continued to decrease by about the same proportion.
5  This decline was a continuation of a the employment fall starting already in 1989.
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How do the movements of these variables look at a more disaggregated level? Have 
all the economic sectors experience the same changes in employment or output, or 
the aggregate numbers mask some individual patterns? Employment changes of the 
10 economic sectors are shown in Figure 2 which documents signiﬁ cant diversity at 
the industrial level.6 During the 19 years the largest decline in employment took place 
in agriculture, which lost more than 60 percent of its workers. Other sectors which 
experienced large declines in employment are manufacturing and community services 
where the decline was about one-quarter, and transportation with a decline of 18 percent. 
In the other sectors employment grew during the studied period. This growth was 
modest in the public sectors (4-8 percent relative to 1992), but some corporate sectors 
experienced large increases in their levels of employment. The overall growth rate in 
trade, constructions and ﬁ nancial intermediation is 17, 28 and 90 percent.
The global crisis had a diversiﬁ ed eff ect on sectors. Only the industries dominated by 
the public sector increased their employment while in the corporate sectors the number of 
workers fell with various paces. Large losses took place in constructions, manufacturing, 
trade, and other services, while employment in the other sectors did not fall much.
Industry-level real output (presented in Figure 3) have very diff erent pattern relative 
to employment.7 Relative to 1992, output grew in all sectors. The smallest growth is 
documented in agriculture which grew by only 4 percent by 2008, and the largest in 
manufacturing and ﬁ nancial intermediation (134 and 111 percent, respectively, during 
the same period). The divergent patterns of employment and output growth rates 
produced large increases in labor productivity not only at the country level but for the 
individual industries as well, as shown in Figure 4. Output per worker increased in all 
sectors but the growth rates are scattered. In constructions labor productivity increased 
by only 3 percent and in ﬁ nancial intermediation and trade by 12-18 percent. The other 
sectors experienced large labor productivity increases which are situated between 115-
255 percent (the largest ﬁ gure reﬂ ects labor productivity increase in manufacturing).
Sector-level average wages have mostly declined during the nineties (see Figure 5). 
In some sectors (agriculture, manufacturing, ﬁ nance, transportation) they recovered 
fairly quickly but in other sectors they started to grow much later. This is especially true 
in education and health. By the end of the period studied wages in all sectors increased 
in real terms.8 The smallest wage increases can be found in health and the largest in 
manufacturing. The crisis did stop the growth of wages but the declines are not very 
large and typical in the public sector. This can be attributed to the abolishment of the 
6  The numbers corresponding to Figures 2-5 are shown in Appendix Tables A2-A5.
7  We show these ﬁ gures only for the corporate sectors as in the public sectors the lack of reliable prices does not allow to 
compute output.
8  In Figure 5 (and Table A5) we deﬂ ate wages with CPI, but in Table A6 we also present the number deﬂ ated by sectoral 
implicit deﬂ ators to show how wages changed in terms of the output revenues in the sector.
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13th salary which was given before to all public sector employees. The largest decline was 
measured in the health sector where wages fell by a large proportion between 2009 and 
2010.9 Therefore, the long term trends in the data were abruptly stopped by the crisis. 
Employment and real output fell, but wages, did not decrease (at least not to a great 
extent), showing that the adjustment of ﬁ rms was rather done on the extensive side by 
laying-off  workers rather than decreasing their wages (Köllő, 2011).
The industrial composition of Hungarian employment for three distinct years 
is presented in Table 1. The ﬁ rst point in time shown is 1992, the earliest year with 
employment information on all economic sectors. By 2000 the data reﬂ ect vast 
restructuring. Agriculture, which had the third largest share in employment of 11 percent 
at the beginning of the nineties lost a huge amount of people and had a share of only
7 percent 8 years later. Its share further decreased and by 2010 as it lost an additional
2 percent. Manufacturing also lost from its importance in employment; from a share of
30 percent it went down to 27 by the middle of the period and its share further decreased 
to 23 percent by 2010. Community services employment also lost its share so some extent. 
The clear winners – at least by their employment share – are ﬁ nancial intermediation as 
this sector increased its share from a mere 5 to 11 percent. Trade and constructions also 
increased their share by 3 and 2 percent, respectively. Each public sector increased its 
employment by 1 percent.
These numbers reﬂ ect the major changes the Hungarian economy underwent during 
the last 19 years. As a result, employment fell and output grew in most industries resulting 
in large increases in labor productivity. Labor could not recover to its early transition 
levels ever since, but real wages did and they exceed their early transition levels in each 
industry. In the next section we discuss how we establish the relation between output, 
time and employment, the main ingredients for the forecasting.
9  One reason behind this large fall may be compositional changes in employment in the health industry.
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3. Estimation and forecasting methodology
for corporate sectors
3.1. Baseline forecast
This section presents the forecasting methodology used for the 7 corporate sectors. We 
exclude the three industries dominated by the public sector (public administration, 
education and health) as the employment setting mechanism in these sectors is arguably 
diff erent to that used in corporations: while decision makers in ﬁ rms set the level of 
employment based partially or totally on the current possibilities and future prospects of 
the ﬁ rms, the level of public sector employment is aff ected by political motivations and it 
is partially or totally the outcome of political decision making.
As we discussed in the introduction, we do not attempt to directly forecast the level of 
employment because the long time span for forecast sheds doubt on the usefulness of such 
an exercise. Rather, we rely on Vincze (2011), who develops a structural macroeconomic 
model to forecast medium and long-term employment for the whole economy and sector-
speciﬁ c output levels. In this baseline forecast we use the model which assumes that the 
export demand for the Hungarian output is growing by a yearly 7 percent.10 
With standard econometric methods we set the relation between several variables and 
the industry-level employment share and with the help of the macroeconomic forecasts 
we predict the structure of employment in long term. The ﬁ rst and simplest estimation 
equation is the following:
EMPSHt = α0 + α1OUTSHt + α2TREND + ε,(1)
where EMPSH and OUTSH are the share of industrial employment and output in total 
employment and output in Hungary, TREND is a time trend, ε is a random noise and we 
run this equation for each industry separately.11
Next we augment Equation (1) with several variables. First we add a quadratic trend 
to allow more ﬂ exibility for employment adjustments:
10  In the second part of this section we test how the outcome of the forecast changes under diff erent assumptions regarding 
export demand.
11  In the baseline model we do not use wages as a predictor of the employment share because wages are endogenous, 
especially in industry level aggregation: not only wages determine employment, but the level of employment has an eff ect 
on the equilibrium level of wages as well. Nevertheless, we perform robustness checks below where we include wages in the 
estimation equation.
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EMPSHt = β0 + β1OUTSHt + β2TREND + β3TREND2 + υ.(2)
We also include the lagged value of output share to allow for the possibility that ﬁ rms 
set their employment level looking at past realizations of output:
EMPSHt = γ0 + γ 1OUTSHt + γ 2OUTSHt-1 + γ3TREND + ς.(3)
Finally, we include both a quadratic trend and the lagged output share:
EMPSHt = δ0 + δ1OUTSHt + δ2OUTSHt-1 + δ3TREND + δ4TREND2 + χ.(4)
With the help of the estimated coeffi  cients we ﬁ rst perform pseudo-forecasts. Using 
the data through 2003 we “forecast” the employment distribution across economics 
sectors in 2008. We do this to perform tests which indicate which estimation method 
provides the best ﬁ t relative to the realized employment share and thus we can choose 
which estimation equation to use for the forecast.12 The test used is the mean absolute 
percentage error (MAPE) test, which measures the proportional deviation of the ﬁ tted 
line from the realized values:
In the equation above Rt is the realized, Ft the forecasted value and n equals the number 
of years over which we performed the forecast. In our case n = 5 (the years between 
2004 and 2008). It is worth mentioning that by using this pseudo-forecast to choose the 
estimating equation for the actual forecasting, we implicitly assume that the structure of 
the economy will be identical in the future with that of the past. This is obviously a strong 
assumption, but we cannot do much about it.
Having determined which equation to use, we can perform the forecast with the help 
of the industrial output values which come out from the structural model. As a ﬁ nal step, 
we transform the industrial employment shares into numbers of workers.
There is one diff erence in the equations used for the pseudo and the actual forecast. 
We add a crisis dummy (equal to 1 in 2009 and 2010) to equations (1) – (4) to allow 
for structural break in the years of the global crisis. We also rescale the forecasted 
employment shares to add up to 1 as nothing guarantees in our method that the industrial 
employment shares sum up to 1. This manipulation does not change the results as the 
sum of forecasted employment shares is usually very close to 1.
12  We also ran speciﬁ cations with output in levels instead of shares, but the test always favored the ones presented here.
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3.2. Including business cycle and wage
effects in the forecast
Not only industry dynamics, but also total growth of the economy may alter the demand 
for labor of corporations. In a booming economy ﬁ rms may see their perspectives more 
optimistically, even if the share of their industry is shrinking, for example. Moreover, in 
a growing economy the level of sector-level output is more likely to grow even if its share 
is shrinking. Changes in total employment may also alter ﬁ rms’ decision about their 
own targeted output and input usage. Growing total employment may boost internal 
consumption and business related service orders. Increasing total employment, however, 
may also increase wages if the labor supply curve is not totally elastic which increase 
the labor costs of new hiring and thus have adverse eff ects on employment.  To test for 
such eff ects, we include in the estimation equation the log of total output and redo the 
analysis.
Wages are the other key ingredient of a labor demand model. Wages are the main cost 
factor of labor so they obviously have an eff ect demand. Its importance notwithstanding, 
one should also be aware that wages are highly endogenous in a labor demand equation. 
Not only wages determine the quantity of labor demanded, but the quantity – through the 
equilibrium setting mechanism of an industry – also determine wages. If the data are not 
at the ﬁ rm but at the industry level, this endogeneity problem is exacerbated. From the 
point of view of the forecast, if the nature of the endogeneity does not change over time, 
the results would not be biased. As we cannot know whether this is true or not, we did not 
include wages in the baseline forecasting, but we do a robustness check when we take its 
eff ects into account. Our estimation strategy is the following: we compute the following 
expression: 
 
which represents the proportional deviation of the industry level average wage from 
the economy-level average wage. As a next step, we augment the equation chosen from 
(1) – (4) with this variable and perform the estimation and the forecast. For this to be 
accomplished, we need a forecast of sectoral wages, which is not given in the macro 
model. We assume that the future growth rate of wages is the same as the realized average 
growth rate before the crisis. To compute this we use the years 2006, 2007, and 2008.
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4. Forecasting results for corporate
employment
4.1. Finding the equation with the best ﬁ t
Table 2.1-2.4 present the estimation results for the regressions when the time series are 
used only through 2003, and the aim is to choose the equation which the best ﬁ t. The 
tables are numbered in the same way as the estimation equations in the text. The eff ect of 
an increase in the industry’s output share is almost always positive on employment share 
(the main outlier is the construction industry when this coeffi  cient is always negative). 
In agriculture and industry the share of employment decreases by time as the estimated 
coeffi  cient on the trend variable is negative in all four speciﬁ cations. The resulting pseudo 
forecasts, as well as the actual realizations of the employment shares are presented in 
Figures 6.1-6.4 for the four diff erent speciﬁ cations, and the visual inspection of the charts 
reveals that equations (1) and (3) (with only a linear trend speciﬁ cation, with and without 
lagged output share) do a much better job in predicting the sector’s employment share 
in 2008 than the other two speciﬁ cations, when a quadratic trend is also included.13 The 
MAPE test results, presented in Table 3, formalize this result. For each sector equation 
(3) always outperforms equations (2) and (4) while equation (1) produces similar (but 
mostly somewhat larger) test results. The average the test scores across all industries 
(shown in the last row of the table) also indicate that the smallest proportional deviation 
is produced by equation (3). In the following we use this speciﬁ cation and estimate the 
correlation between the sectors’ employment share, output share and its lagged value and 
a trend.
4.2. Forecast of the composition
of the corporate employment: baseline estimation
Table 4 shows the results of equation (3) for the whole time series (1992-2010). The 
trend in employment share is negative in agriculture, manufacturing, transportation 
and community services and it is positive in construction, trade and ﬁ nancial services. 
An increase in the share of output has positive eff ects in 5 industries, the exceptions 
being trade and community services. The lagged share of output, is negative only in 
one trade and ﬁ nance while it is large and positive in all other industries. Using these 
coeffi  cients we perform the forecast, its outcome being presented in Figure 7. The ﬁ gure 
13  The estimated coeffi  cient of the quadratic trend is never signiﬁ cant except for ﬁ nancial intermediation.
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shows which industries gain and which lose employment in the future. The four sectors 
which employment shares shrink by more than 1 percent are agriculture, manufacturing 
while transportation and community services decrease their employment share by 
around 1 percent. Construction, trade and ﬁ nancial services are likely to increase their 
employment share in the future.
The exact employment shares are presented in Table 5 for the present (2010) and 
in long term (2020). 14 Our forecasts do not predict large changes in the economy, but 
some trends are clearly visible. Agriculture is constantly losing its importance despite 
that its share in overall employment was only 6 percent in 2010. If the trend of the past 
years continues, this already small share will decrease to a mere 1.8 percent in a decade. 
The other main loser, at least in terms of employment shares is manufacturing. Almost 
one-third of all Hungarian workers are employed in these branches of the economy, but 
according to the forecasts the share of industry declines to 25 percent in a 10 year time. 
Transportation will also lose 2 percentage points from the total share of employment. 
The employment of construction industry is likely to grow by 4 percentage points in 
long term while both trade and ﬁ nancial services will increase their share by more than
4 percentage points. Finally, community services will experience a small drop (of less 
than one percentage point) or its employment share according to this forecasting model.
What is the likely reason for these changes in the industrial structure? At least two 
mechanisms can be pointed out. First, changes in product demand of the industries will 
bring about changes in labor demand. Second, if labor productivity increases in some of 
these economic sectors – which we showed to have been happening in the past 20 years 
– fewer workers will be able to produce the same output which will cause shrinking 
employment shares of the sectors, ceteris paribus. To let the reader gauge the importance 
of the scale and productivity eff ects, we present in the lower panel of Table 5 the predicted 
output shares for the 7 industrial sectors. Despite the shrinking of the share of agriculture 
in employment, the share of agricultural output falls by only 1 percentage point, showing 
that the main reason for the employment loss is a productivity increase in agriculture. 
Manufacturing has the most dramatic pattern in this respect as the drop in employment 
share of 5 percentage points is accompanied by an increase in output share of the same 
proportion.
To further illustrate how the structure of the economy will change if our predictions 
are correct, we create a ﬁ gure which has on its axes the change in output share and change 
in employment share in long term. Figure 8 shows the results. Only manufacturing 
increases its share in output while the other 6 sectors decrease it to some extent.15
The large output share growth of manufacturing is accompanied by the largest
14  Besides the predictions, the table contains information on the 95th percent conﬁ dence intervals as well.
15  Of course this does not mean that all the industries shrink as the total output is likely to increase.
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employment share decline while trade and ﬁ nance increase the most their employment 
share despite the relatively large output share declines.
4.3. Optimistic and pessimistic scenarios
Our forecasting is based on a structural macro model which made several assumptions 
to predict the structure of output and total employment in Hungary. Among the most 
important ingredients of the model is the assumption about how will export evolve in 
the future. To test how alternative assumptions change the forecasts, the macro model 
was run with changed assumptions about international demand for Hungarian products. 
This was set at 3 percentage points higher (lower) than in the baseline to have forecasts 
for an optimistic (pessimistic) scenario (in the baseline model the export demand growth 
was set to 7 percent annually). The size of exports has a direct demand eff ect on industrial 
goods and also has secondary eff ects on other sectors’ output through the increased input 
needs of industry and the higher level of incomes in the country. Using these output 
forecasts we prepared the new employment share predictions. Figure 9 and Table 6 show 
the results for the optimistic scenario. It is quite interesting to see that albeit the increased 
export demand does change the distribution of output across industries to some extent, 
employment shares do not change at all. For example, the share of manufacturing output 
is 2 percentage points larger under the optimistic scenario relative to our baseline, its 
employment share increases only by half percentage point. The change of other sectors’ 
employment is even smaller than what is predicted in manufacturing.
The results for the pessimistic forecasting are shown in Figure 10 and Table 7. Lower 
export growth decreases the employment share of manufacturing by about 1 percentage 
point while the employment shares of the other sectors do not change at all.
In conclusion, the alternative assumptions about the export demand show that this 
will aff ect industrial output and labor to some extent while the other sectors will be 
practically unaff ected.
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5. Robustness tests:
business cycle effects and wages
To test the robustness of our results, we include variables in the estimation equation which 
may also have an eff ect on labor demand. As we described in the methodology section, 
ﬁ rst we include the log of total output to account for business cycle eff ects. Second, we 
add the proportional deviation of sector-speciﬁ c wages from the national average.16 
The medium term forecasts with business cycle eff ects and wages are presented in
Table 8. The predicted employment shares are very similar to the baseline forecasts. 
Diff erences can be found in manufacturing where the inclusion of total output and 
employment increases the share of the industry by 2 percentage points, construction with 
a decline of 4 percentage points, transportation with an increase of 2 percentage points and 
ﬁ nancial intermediation with a decline of one percentage point. The inclusion of wages 
does not change any prediction by more than one percentage point except in construction 
where the predicted employment share is 2 percentage points lower than in the baseline 
scenario. Therefore, the forecasts are quite robust to the inclusion of new variables.
6. Public sector employment
Perhaps the most diffi  cult part of forecasting employment is related to the public sector 
for a number of reasons. First, in lack of realistic prices, it is impossible to construct an 
output measure which is consistent with the output used in the case of the other sectors. 
Second, the employment levels in the public sector are likely to be decided upon through 
a political process with its own logic, and this will not be linked to output. To test for the 
hypothesis that public sector employment is not, or it is only weakly linked to output, 
we gathered data on several measures of physical “output” for education and health care 
(the data come from the Statistical Yearbooks of Hungary (National Statistical Offi  ce, 
1992-2009). First, we added up each year the number of people who received any type of 
education.17 Using this variable, we ran the following regression:
lnEMPEDUCt = α0 + α1lnSTUDENTt-1 + α2TREND + εt          (5)
16  Based on the MAPE test we checked which equations give the best ﬁ t and the result is the same as in the baseline 
estimation in both cases. The estimated coeffi  cients are presented in the Appendix Tables 6 and 7.
17  This included the following categories: children in kindergartens, pupils in elementary education, pupils in secondary 
education (including vocational and theoretical types of education), students in tertiary education (including 3 and 5 year 
types of universities) and adults in diff erent types of education.
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where EMPEDUCt is the number of workers employed in education in each year (as 
shown in Figure 2), STUDENTt is the total number of people receiving education and 
TREND is a time trend. To allow for adjustment, we lag the number of students. The 
estimated coeffi  cients, provided in Table 9, are small, insigniﬁ cant at any conventional 
level, and the point estimate of the elasticity between the number of students and the 
employment in education is negative. Therefore this equation provides some evidence 
that the number of workers in education does not have a time trend and that there is 
not much correspondence between the number of students and the number of people 
employed in the educational sector.
We run similar regressions for the health sector.18 In this case de variable of interest 
was the number of consultations by family doctors in a given year, the working hours 
yearly performed by specialists with outpatients and nursing days in hospitals. For the 
ﬁ rst and the third variable we ﬁ nd a positive eff ect of around 20 percent suggesting that 
a 10 percent increase in the number of consultations (or the days spent in hospitals) 
increase aggregate employment in health care by 2 percent. In the case when the variable 
of interest is the hours worked by specialists we estimate a negative coeffi  cient of the 
magnitude of 0.14 (all eff ects are insigniﬁ cant at any conventional level). 
We also test whether loose and tight budget regimes have an eff ect on the number 
of public sector workers. We approximate the budget situation with GDP growth (in 
proportions and lagged one year) and the dependent variable is the number of workers 
(logged). This relationship is estimated to be negative and insigniﬁ cant.19
To summarize, several diffi  culties arise in relation which forecasting public sector 
employment. First, it is hard to ﬁ nd a good measure of output in these sectors as there 
is no realistic price data to change quantities into the value of output. Some measure of 
quantity can be used for education and health, but not for public administration. Second, 
the regressions which establish the relation between output and the number of workers 
in the public sector provide a negative correlation for education and a weakly positive 
one for health. Third, even if these correlations were clear, there are no forecasts of 
the measures of output and therefore accurate forecasts cannot be made. The growth 
rate of GDP, which proxies the state budget’s tightness, is also negatively related to the 
number of public sector employees. These problems make unlikely that a formal forecast 
of public sector employment can be performed. Instead, take the structural forecasts of 
Vincze (2011), who assumes that employment in the three public sectors does not change 
in proportional terms relative to total employment (the proportions are taken from 2010,
the last year with employment information).
18  For the third public sector – public administration – no measure of output was available.
19  We also tested whether public sector employment depends on the political cycle, but did not ﬁ nd any relationship between 
the number of years since the general elections and the level of public sector employment.
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7. Employment predictions
Table 10 presents the forecasted employment levels for long term (for comparison, it also 
presents the realized employment levels in 2010). Besides the baseline forecast, it also 
shows the numbers for the optimistic and the pessimistic scenarios.20
According to the baseline forecasts, if the trends which have been present in the 
economy in the last 19 years are sustained in the future, the total number of employed 
in 2020 will increase by 153 000 workers. The optimistic scenario adds an additional 
136 000 workers; if the pessimistic scenario will be realized, the number employed in 
2020 will be only marginally larger than its level in 2010.
Regarding employment by sectors, agriculture will lose the most workers in the next 
10 years. By 2020 the number of workers in this sector will be only 55 000. Manufacturing 
will also lose about 127 000 workers. On the contrary, ﬁ nancial intermediation will gain 
almost 140 000 workers and employment in trade will grow by 158 000. The construction 
industry will also increase its number of workers by 133 000 persons if our forecasts are 
correct. Community services will experience a small drop of 17 000 and the three public 
sectors together will have increased their employment levels by about 28 000.
As we showed in Section 4, the larger (lower) export demand does not change the 
structure of the employment across industries, but nevertheless its scale eff ect increases 
(decreases) total employment and thus more (fewer) people will work in some sectors. 
Under the optimistic scenario employment in manufacturing will reach 797 000, which is 
about 40 000 more than in our baseline scenario. On the contrary, the low export growth will 
results in only 718 000 workers employed in manufacturing. In constructions the number 
of employed will be larger by 13 000 under the optimistic scenario and lower by about the 
same amount under the pessimistic one. Trade will gain (lose) roughly 30 000 workers 
under the alternative assumptions about export growth and ﬁ nancial intermediation 
about 17 000. The remaining three corporate sectors – agriculture, trade and community 
services – will have changes in their employment of less than 10 000 workers. 
8. Conclusions
The purpose of this study was to forecast the employment structure of the Hungarian 
economy in long term. We ﬁ rst selected the estimation from several speciﬁ cations which 
has the best ﬁ t and then performed the forecast with the help of output predictions from 
20  The table also shows the corresponding employment numbers for the 95 percent conﬁ dence intervals.
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a macroeconomic model. We ﬁ nd that the share of agriculture and manufacturing will 
decrease in the long term and construction, trade, and ﬁ nance will increase its employment 
share in total Hungarian employment. It is worth noting that the employment structure 
is aff ected by two main forces: a scale eff ect which links the number of workers and the 
product demand and a productivity eff ect led by increases in sectoral labor productivity. 
While the scale eff ect is positive in nature – to produce more goods and services one needs 
to have more workers, ceteris paribus – the productivity eff ect is negative at constant 
output. If productivity increases, the same level of production can be reached with fewer 
workers.
At the end of the study it is work spelling out again the limits of this analysis, which 
aff ects most forecasting studies. First, as in any forecasting we have made assumptions 
about the future which might prove not to be correct. To minimize this problem, we 
calculated the forecasting under several scenarios: a baseline and an optimistic and 
pessimistic scenario which diff er in the assumptions made about the international 
demand for Hungary’s products. Second, we predict future employment share based on the 
relation between employment and a trend from the past data. If there is a structural break 
in the future either because of the economic environment changes or due to changes in 
regulation or other policy measures, our forecasted employment shares will not meet the 
realized ones. In the case of a crisis, for example, the economy may get back to its natural 
growth trajectory, and since our predictions are made for the long term, the economy may 
have time to get back on its natural expanding trajectory. Government intervention or 
some important innovation, however, may have eff ects on the levels and structure of labor 
which persist and our analysis cannot capture them. If labor productivity, for example, 
will have a diff erent pattern in the future than in the past, our estimated relationship 
between output and employment will not be valid in the future and the forecasts will be 
biased. This potentially can induce some bias in the predictions but we cannot do much 
about it. Third, we have shown that public sector employment is only weakly dependent 
on output (at least in education and public health care while we cannot measure output 
in public administration at all). Therefore, it is close to impossible to make predictions 
about these sectors’ future employment share since it depends on the political decisions 
of the government and not on the output demand for the services in these sectors. Finally, 
our time series are rather short. Despite that we made great eff orts to expand the data 
beyond 1992, lack of industry level employment and output did not allow for it.
These diffi  culties notwithstanding, the robustness of the forecasts suggest that they 
are useful for to gauge what the structure of the employment and will be in the medium 
run as well as how many workers will be likely working in diff erent industries. This 
knowledge may be important input for policy makers when making long-term plans that 
are based on the industrial structure of employment in Hungary.
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Tables and ﬁ gures
Figure 1. Aggregate Employment, Output, Labor Productivity and Average Wages in Hungary
Note: 1992 = 100 percent. Output and wages deﬂ ated to their 2010 levels. 
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Figure 3. Evolution of Sectoral Aggregate Output for the Corporate Sectors, 1992-2010
 
Note: 1992 = 100 percent. Output is deﬂ ated to its 2010 level. 
Figure 4. Evolution of Sectoral Productivity in Corporate Sectors, 1992-2010
Note: 1992 = 100 percent. 
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Figure 5. Evolution of Sectoral Average Wage, 1992-2010
Note: 1992 = 100 percent. Wages are deﬂ ated to their 2010 level. 
Figure 6.1. Results of the Pseudo Forecast, Equation 1
Note: Solid lines represent actual realizations, dashed lines represent forecasted values.
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Figure 6.2. Results of Pseudo Forecast, Equation 2
Note: Solid line represents actual realizations, dashed line forecasted values.
Figure 6.3. Results of Pseudo Forecast, Equation 3
 
Note: Solid line represents actual realizations, dashed line forecasted values.
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Figure 6.4. Results of Pseudo Forecast, Equation 4
Note: Solid line represents actual realizations, dashed line forecasted values.
Figure 7. Forecast of Sectoral Employment Share
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Figure 7. continued
Note: Solid line represents actual realizations, dashed line forecasted values,
dotted line represents the 95th percent conﬁ dence interval.
Figure 8. Share of Output and Employment, Long Term
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Figure 9. Forecasting Sectoral Employment Share, Optimistic Scenario
Figure 9. continued
Note: Solid line represents actual realizations, dashed line forecasted values, dotted lines represent the 95th percent 
conﬁ dence interval.
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Figure 10. Forecasting Sectoral Employment Share, Pessimistic Scenario
Figure 10. continued
Note: Solid line represents actual realizations, dashed line forecasted values,
dotted lines represent the 95th percent conﬁ dence interval.
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Table 9. Relation between Public Sector Output, GDP growth and Employment
Education Education Sector Aggregate Employment
Total Number of Students -0.049
(0.352)
Trend -0.001
 (0.002)
Health Health Sector Aggregate Employment
Number of Consultations 0.234
(0.245)
Trend 0.006**
 (0.003)
Working Hours Yearly Performed by Specialist -0.140
(0.085)
Trend 0.012**
 (0.003)
Nursing Days in Hospitals 0.207
(0.321)
Trend 0.012
(0.006)
GDP Total Public Sectors Aggregate Employment
Volume Index of GDP -0.358
(-0.391)
Trend 0.001
 (0.002)
Note: Total numbers of students, number of consultations, working hours and nursing days are logged as well as the dependent 
variables, and the independent variables are lagged one year. 
MTA 5_LongTerm Industrial_165x235 48old.indd   38 2/4/13   5:12:35 PM
39   I   TABLES AND FIGURES
Ta
bl
e 1
0.
 L
on
g T
er
m
 F
or
ec
as
te
d 
Em
pl
oy
m
en
t
Ag
ri
cu
ltu
re
M
an
uf
ac
t.
Co
ns
t.
Tr
ad
e
Tr
an
sp
or
t.
Fi
na
nc
ia
l I
nt
er
.
Pu
bl
ic
 A
dm
in
.
Ed
uc
at
io
n
H
ea
lth
Co
m
m
un
ity
 se
rv
ic
es
To
ta
l
Re
al
iz
ed
, 2
01
0
17
1.8
88
3.
1
27
7.6
69
4.
3
28
4.
2
39
7.4
31
7.2
32
3.
9
25
1.6
16
6.
9
37
68
.0
Ba
se
lin
e s
ce
na
ri
o
 
 
 
 
 
 
 
 
 
 
 
Fo
re
ca
st
, 2
02
0
54
.7
75
5.
9
41
0.
5
85
1.7
24
0.7
53
6.7
33
0.
0
33
0.
0
26
1.0
15
0.
2
39
21
.5
LB
22
.3
71
9.0
38
8.7
82
2.
7
21
3.
5
50
1.4
33
0.
0
33
0.
0
26
1.0
13
6.7
U
B
87
.2
79
2.
8
43
2.
3
88
0.
6
26
7.9
57
1.9
33
0.
0
33
0.
0
26
1.0
16
3.
8
O
pt
im
is
tic
 
sc
en
ar
io
 
 
 
 
 
 
 
 
 
 
 
Fo
re
ca
st
, 2
02
0
54
.3
79
6.
9
42
3.
0
88
2.
4
24
8.
2
55
4.
0
34
1.5
34
1.5
27
0.
1
14
5.
5
40
57
.2
LB
22
.0
76
1.5
40
0.
1
85
4.
0
22
1.0
51
3.
2
34
1.5
34
1.5
27
0.
1
13
0.
9
U
B
86
.6
83
2.
4
44
5.
9
91
0.7
27
5.
3
59
4.
8
34
1.5
34
1.5
27
0.
1
16
0.
1
Pe
ss
im
is
tic
 
sc
en
ar
io
 
 
 
 
 
 
 
 
 
 
 
Fo
re
ca
st
, 2
02
0
55
.8
71
7.6
39
7.1
82
0.7
23
3.
3
51
9.
3
31
8.
0
31
8.
0
25
1.5
14
7.5
37
78
.8
LB
23
.1
67
8.
6
37
6.
1
78
9.
2
20
5.
9
48
9.
2
31
8.
0
31
8.
0
25
1.5
13
4.
4
U
B
88
.5
75
6.
6
41
8.
1
85
2.
1
26
0.
6
54
9.
5
31
8.
0
31
8.
0
25
1.5
16
0.
5
 
N
ot
e:
 E
m
pl
oy
m
en
t i
s m
ea
su
re
d 
in
 th
ou
sa
nd
s.
LB
, U
B 
re
pr
es
en
ts
 th
e v
al
ue
s a
ss
oc
ia
te
d 
w
ith
 th
e 9
5t
h 
pe
rc
en
t c
on
ﬁ d
en
ce
 in
te
rv
al
. 
MTA 5_LongTerm Industrial_165x235 48old.indd   39 2/4/13   5:12:36 PM
40   I   TABLES AND FIGURES
Appendix
Table A1. Evolution of Aggregate Employment, Output, Labor Productivity and Average Wages in Hungary
Year Total employment
Total
Output Productivity
Average
 Wage
1992 100.0 100.0 100.0 100.0
1993 93.8 100.8 107.5 99.5
1994 92.0 104.4 113.5 102.7
1995 90.2 104.9 116.3 93.5
1996 89.4 108.2 121.0 91.1
1997 89.4 115.6 129.3 94.2
1998 90.6 123.7 136.5 97.5
1999 93.4 131.7 141.0 100.9
2000 94.6 145.1 153.5 104.4
2001 94.8 152.6 160.9 112.9
2002 94.9 159.0 167.5 126.9
2003 96.2 167.2 173.8 135.7
2004 95.6 176.1 184.1 134.8
2005 95.7 183.7 192.0 141.6
2006 96.4 193.7 201.0 147.5
2007 96.3 197.6 205.2 147.4
2008 95.1 200.5 210.7 149.4
2009 92.5 179.7 194.3 144.0
2010 92.4 186.4 201.8 139.2
Note: Total Output and Average Wage are deﬂ ated to their 2010 level. 
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